T otal knee arthroplasty is an effective and widely performed surgical procedure for the treatment of endstage arthritis. While infrequent, deep surgical site infection following total knee arthroplasty is a devastating complication and the most common reason for reoperations 1 . As the number of total knee arthroplasty procedures is expected to rise dramatically in the coming decades 2 , the burden of deep surgical site infection will also increase.
Disclosure: None of the authors received payments or services, either directly or indirectly (i.e., via his or her institution), from a third party in support of any aspect of this work. None of the authors, or their institution(s), have had any financial relationship, in the thirty-six months prior to submission of this work, with any entity in the biomedical arena that could be perceived to influence or have the potential to influence what is written in this work. Also, no author has had any other relationships, or has engaged in any other activities, that could be perceived to influence or have the potential to influence what is written in this work. The complete Disclosures of Potential Conflicts of Interest submitted by authors are always provided with the online version of the article Prior studies have demonstrated incidence rates of infection following total knee arthroplasty ranging from 0.5% to 1.8% [3] [4] [5] [6] . Several patient and surgical factors have been identified as risk factors for deep surgical site infection following total knee arthroplasty. These patient factors include male sex 4, 7 , preoperative comorbidities 4 , obesity [8] [9] [10] [11] , a diagnosis of rheumatoid arthritis 7, 12, 13 , diabetes mellitus 8, 11 , and prior fractures about the knee 7 . Surgical factors associated with deep surgical site infection following total knee arthroplasty include longer operative time 8, 10, 14 , hospital case volume 15 , and use of antibioticladen cement 7, 16 . Although prior studies have identified the incidence of infection and risk factors in various samples, these studies have been limited in several ways. First, some were single-center and cohort studies that lacked the statistical power to detect this rare adverse event. Others were reports from tertiary care centers and therefore often lacked a denominator with which to calculate the rate of this uncommon event. Others were administrative database studies, which provide a large sample size and the necessary denominator, but lack details regarding patient and surgical factors and are subject to miscoding errors. National total joint replacement registries, such as the Finnish and Swedish registries, provide the necessary level of detail and the large sample sizes necessary to detect deep surgical site infections associated with total knee arthroplasty 7, 13 . Studies by the Finnish and Swedish registries have been published on this topic, but since their patient populations lack heterogeneity, it may not be possible to generalize their findings to the U.S. population. U.S. registries provide a unique opportunity for evaluating deep surgical site infection associated with total knee arthroplasty in a large U.S. sample with the necessary patient and surgical variables, sample size, denominator, and follow-up.
The purpose of this study was to evaluate the cumulative incidence of deep surgical site infection following total knee arthroplasty and to identify patient, procedure, surgeon, and hospital risk factors for this devastating complication with use of a large integrated health system's total joint replacement registry and comprehensive infection surveillance system.
Materials and Methods
T his study was a retrospective review of data collected prospectively by a total joint replacement registry from April 1, 2001 , to December 30, 2009. During the study period, forty-five locations in six U.S. geographical regions contributed cases to the total joint replacement registry, which was used to identify the study sample. Details of the data collection and validation of the registry data have been published previously 17, 18 . In brief, the registry collects information on paper forms filled out at the time of the arthroplasty procedure and enhances this information with data from the patients' electronic health records and administration claims available in this health-care system. Postoperative registry data are collected via direct reporting by the surgeons as well as electronic screening of the patients' electronic health records with a validated algorithm.
Institutional review board approval was obtained before this study was conducted.
Study Sample
All primary elective total knee arthroplasties registered in the total joint replacement registry during the study period were included in the study. Primary total knee arthroplasties for nonelective reasons as well as unicompartmental, bicompartmental, and conversion procedures (conversions from partial to total knee arthroplasty) were excluded from the study. Revision total knee arthroplasties were also excluded.
Outcome Assessment
Deep surgical site infection, as defined by the Centers for Disease Control and Prevention (CDC)/National Healthcare Safety Network (NHSN) guidelines 19 , was the main outcome of this study. Infections were identified with use of a validated surveillance electronic algorithm 6 , and the results then were individually adjudicated by electronic chart review by a trained clinical research assistant. Superficial deep surgical site infections were excluded from the study.
Exposures of Interest
The total joint replacement registry was used to examine the relationship between patient, surgeon, hospital, and procedural variables and deep surgical site infection. 
Statistical Analysis
Means, standard deviations (SD), medians, and frequencies and proportions were used to describe the overall sample as well as the groups identified by the presence or absence of deep surgical site infection. Categorical patient, surgeon/ hospital, and procedure characteristic distributions were compared between patients with deep surgical site infection and those without deep surgical site infection by using chi-square tests (or Fisher exact tests where appropriate). Continuous variables such as age and operative time were compared by using t tests for two independent samples. Univariate Cox proportional hazard models of association between each of the exposures of interest and the outcome were built. All variables found to be independently associated with the outcome were included in the multivariable Cox proportional hazard model. Variables that were not significant in the multivariable model and that had no effect on the associations of other variables with the outcome were removed. Hazard ratios (HR) and 95% confidence intervals (CI) are provided for identified risk factors.
While the multivariable models were built, collinearity and potential confounding by covariates were assessed. Standard errors were adjusted upward with use of a modified sandwich estimator to address possible surgeon clustering. Since operative time was missing for a proportion of the cases, models were built with and without operative time to determine if operative time was a risk factor for deep surgical site infection and/or a confounder of other risk factors and infection. All models used lost-to-follow-up dates (either the time of membership termination or death) to censor patients, and the end date of the follow-up was the date on which the deep surgical site infection was diagnosed. A p value of <0.05 was used as the significance threshold.
Source of Funding
This study did not receive any external funding.
Results
A total of 56,216 primary total knee arthroplasties were identified by the registry and included in the study. The cohort consisted mostly of women (63.0%) and white (61.6%) patients. The prevalence of diabetes was 25.7%, and the average age was 67.4 years (SD = 9.6). The diagnosis for which the surgery was performed was almost always osteoarthritis (96.8%). During the study period, a deep surgical site infection developed in 404 knees (0.72%; 95% CI, 0.65% to 0.79%). In the group that developed deep surgical site infection, there was a higher prevalence of diabetes (35.9% versus 25.6%, p < 0.001), a higher prevalence of ASA scores of ‡3 (53.5% versus 38.2%, p < 0.001), a higher proportion of patients with a BMI of ‡35 (36.6% versus 26.2%, p < 0.001), and slightly higher percentages of patients with posttraumatic arthritis (4.2% versus 1.2%, p < 0.001) and osteonecrosis (1.2% versus 0.4%, p = 0.011). Table I shows other comparisons of characteristics between the patients with and those without deep surgical site infection. Table II shows the comparisons of hospital surgical volume, surgeon volume, surgeon fellowship training, and procedural characteristics between the groups with and without deep surgical site infection. A higher proportion of total knee arthroplasties followed by deep surgical site infection were performed in medium-volume hospitals (24.0% versus 19.3%, p = 0.004), but no difference was observed on the basis of surgeon volume or surgical fellowship training status. A lower proportion of patients with deep surgical site infection had had a bilateral procedure (4.2% versus 8.6%, p = 0.002), spinal anesthesia (53.7% versus 60.8%, p = 0.004), and antibiotic irrigation for infection prophylaxis (11.4% versus 15.2%, p = 0.032). A higher proportion of patients with deep surgical site infection had had general anesthesia (38.9% versus 32.4%, p = 0.006), had received antibiotic-laden cement (18.8% versus 12.0%, p < 0.001), had had a tibial tubercle osteotomy (0.2% versus 0.04%, p = 0.028), and had required quadriceps release (0.5% versus 0.1%, p = 0.006). Table III shows all of the univariate associations between the variables that were studied and deep surgical site infection.
The univariate analysis of patient, procedure, and surgeon/ hospital-volume factors showed several variables to be significantly associated with the development of deep surgical site infection. The results of the final multivariable model are shown in Table IV . This model showed that, after adjustment 
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T In the subanalysis of operative time, each fifteen-minute increase in operative time was found to be associated with a 9% (95% CI, 4% to 13%) increase in the risk of deep surgical site infection. 
Discussion
I n a large integrated U.S. health-care system with a total joint replacement registry and comprehensive infection surveillance system, the cumulative incidence of deep infection following total knee arthroplasty was 0.72% in a cohort of 56,216 primary total knee arthroplasties. This rate is similar to those reported by other national registries 7, 13 .
Patient Factors
Our results, which were similar to those of other studies 9, 11, 20 , indicated that BMI, male sex 4, 7, 11 , diabetes 21, 22 , and higher ASA scores 4, 10 were associated with an increased risk of deep surgical site infection. In contrast to previous studies 7, 12, 13 , we did not find an association between deep surgical site infection and rheumatoid arthritis. However, the proportion of patients with this diagnosis was small in our patient sample (2.2%) compared with the proportions in a Finnish study 7 and a Swedish study 13 (7.6% and 11.3%, respectively). The more contemporary time period of our study may also represent improvement of diseasemodifying drugs, which may have influenced our findings.
Our study did not show an association between age and deep surgical site infection. This is in contrast to the findings of a single-center analysis of 8494 joint arthroplasties that included both hip and knee procedures, in which younger age was associated with an increased risk of infection 11 . Our results did confirm those by the Finnish Arthroplasty Register, containing 40,135 primary total knee arthroplasties, and those of a U.S. Medicare sample study of 69,663 total knee arthroplasties 4, 7 . Unlike the relatively homogeneous populations in countries with existing national registries (Scandinavian countries), health care in the U.S. involves heterogeneous patient populations. In our study, we found Hispanic race to be protective against deep surgical site infection following total knee arthroplasty when Hispanics were compared with white patients. This finding differs from that in a study utilizing California's Office of Statewide Health Planning and Development (OSHPD) Patient Discharge Database, in which Hispanic patients were observed to have an odds ratio of 1.21 for developing deep infection following total knee arthroplasty compared with whites 23 . In contrast to a study using a Veterans Administration database that demonstrated an increased risk of infection among black patients compared with whites 24 , we did not observe a significant difference between black and white patients in this regard.
Surgical Factors
Among the surgical factors, use of antibiotic-laden cement was associated with a paradoxical increase in the risk of infection. We previously reported this finding 9 and hypothesized that the effect was due to surgeon selection of high-risk patients. The authors of another study also did not find that the use of antibiotic-laden cement reduced the prevalence of deep infection following total knee arthroplasty, in a cohort of 1625 patients in which 50% had received antibiotic-laden cement 25 . Jämsen et al. reported a hazard ratio of 1.35 for infection if antibiotic-laden cement was not used 7 .
The addition of antibiotics to the irrigation solution was protective against deep surgical site infection following total knee arthroplasty. The use of intravenous antibiotic prophylaxis has been well established 26 for joint arthroplasty procedures; however, the addition of prophylactic antibiotics to the irrigation fluid has never been proven to influence deep infection rates, to our knowledge. We believe that this is the first report documenting the efficacy of this widely practiced prophylactic measure. Among other commonly used prophylactic techniques, the use of operating room laminar airflow or body exhaust suits was not found to be associated with a lower risk of infection after total knee arthroplasty in our study.
Decreased operative time was also associated with a lower risk of infection following total knee arthroplasty in our study, as it was in a previous study 10 . In a subset of our data, we observed an increased risk of infection per every additional fifteen minutes of operative time. As is the case for the observed increase in the risk of infection after total knee arthroplasties in which a quadriceps release or a tibial tubercle osteotomy was required, increased operative time is likely a proxy for the complexity of the surgical procedure. In agreement with our findings, a total knee arthroplasty operative time of longer than 210 minutes, compared with less than 120 minutes, was associated with an increased risk of infection in the Medicare population 4 .
Hospital Factors
We observed an increased risk of infection at high-volume hospitals compared with the risk at low-volume institutions. Referral of higher-risk patients to centers at which highvolume surgeons practice may partially explain this finding. Evaluation of total knee arthroplasty infection rates according to Nationwide Inpatient Sample data showed a greater incidence of infection in urban, higher-volume hospitals, as opposed to rural hospitals 27 .
Limitations and Strengths of Study
Some limitations of this study must be highlighted. While the data were obtained from a comprehensive total joint replacement registry, there were still known infection risk factors that could not be evaluated, such as postoperative wound classification 10, 28 . Wound classifications are not collected by the total joint replacement registry. Residual confounding due to selection of patients for treatment with antibiotic-laden cement is also a possible limitation of this study. Similarly, confounding due to the indications for bilateral procedures may explain our finding that bilaterality was protective against infection. Also, we did not have access to radiographic analysis or microbiological data on the infections. Finally, while we were able to identify antibiotic irrigation as a protective factor against infection, we lacked detailed information on the type and dosage of the antibiotics or the number of irrigations.
The strengths of this study include the comprehensive infection surveillance system used to identify the deep surgical site infections, the community-based sample used for the study, and the ability to evaluate many different procedure-specific risk factors. Because of the comprehensive infection surveillance system implemented by this institution to capture all deep surgical site infection following joint arthroplasty, we had a high level of sensitivity and accuracy in capturing deep surgical site infections 6 . Our study setting, which included several medical centers with different surgeon volumes and training levels, also allowed the evaluation of different medical and surgeon characteristics and is more likely to be representative of a community-based sample. Similarly, the heterogeneity of our study sample, with different races, age groups, and characteristics, allowed for the inferences of risk in a larger representative sample of the U.S. population.
Conclusions
The findings of this study suggest that optimization of patient weight and diabetes mellitus control may decrease rates of deep surgical site infection following total knee arthroplasty. Males should be counseled about their inherent increased risk. The use of antibiotic-laden cement in routine primary total knee arthroplasty is not supported by our findings, although the addition of antibiotics to irrigation fluid appears to reduce the risk of infection. n
